In 1957 a girl was brutally murdered in Oslo, Norway, and a 23 year old man, who claimed to be innocent, was sentenced for the crime. To examine that claim, materials collected at various locations on the scene of the crime and on the garments of the sentenced man have been reanalysed using two multivariate techniques, namely cluster analysis and ordination by detrended correspondence analysis (DCA). The cluster analysis divided the different locations in three: one group with locations from the sentenced man, one group for related locations from the scene of the crime, and finally locations with little association with other locations. The main axis of the DCA largely separated the locations so that those on the sentenced man had a low loading while locations on the scene of the crime had a high loading; there was little overlap between the two sets of locations. In further simulations materials found on the scene of the crime were scored for being present on a shoe belonging to the sentenced man. This procedure increased the loading of the shoe on the main axis and drew that location away from the other locations on the sentenced man and towards those at the scene of the crime. This simulation thus suggests that DCA may be a sensitive method for unravelling a possible association between a suspect and the scene of the crime. This study shows no association between the sentenced man and the scene of the crime.
Introduction
In 1957 a 16 year old girl was brutally murdered in Oslo, Norway, and a 23 year old man was prosecuted for the murder, found guilty, and sentenced for life. He was released in 1974. The sentenced man has always claimed and still claims his innocence.
A number of materials were found on the scene of the crime and on the man's clothes (in particular in his pockets), and there was partial overlap between the materials found on the man and those on the scene of the crime. If the man in question had been on the scene of the crime, we would expect a considerable degree of overlap between the two sets of materials. We have therefore examined further matches and mismatches between materials found on the sentenced man and on the scene of the crime using modern multivariate techniques.
In forensic science a suspect may sometimes be convicted on absolute criteria relating him or her to the crime case in a unique way. Fingerprints, DNA evidence, and fibres of fabrics examined by modern techniques in the microscope are examples of absolute criteria. One crisp fingerprint, a few fibres of fabrics, or one drop of a body fluid may sometimes be enough for a conviction. There have been no absolute criteria that could connect the sentenced man to the crime in this case. An alternative approach is to search for a match on a number of unspecific materials or relative criteria. There are several multivariate techniques available for analysing complex and unspecific materials. A cluster analysis is a standard multivariate technique used to classify multivariate data, used in a large number of different fields. The method is introduced in most textbooks of multivariate statistical analysis (for example, Chatfield & Collins, 1980; Johnson & Wichern, 1982; Mardia et al., 1992) . In forensic science the method has been used to separate different glass fragments and in profiling narcotics (Piekoszewski & Parczewski, 2002) .
Ordination is defined as a construction of the single hypothetical variable or axis that gives the best fit to the data (Ter Braak & Prentice, 1988) , and the locations are placed (ordinated) along this axis according to this principle. Ordination is thus a set of techniques that aims at reducing the dimensionality of a multivariate data set, usually to two or three dimensions, while accounting for as much of the variation in the data as possible (Chatfield & Collins, 1980; Greenacre, 1984) . After the main axis of variability has been found, a second axis accounting for as much of the remaining variability as possible is sought, constrained to be linearly independent of the first one. A third and if necessary also more axes may be found along the same principles. If the underlying data are assumed to vary linearly by the ordination axes, a principal component analysis (PCA) is used. However, the abundance of each material may show a unimodal or Gaussian-type response function along the axes of variability. For Gaussian abundance distributions a variable will appear, become larger, decline, and then disappear over a distance of around 4 SD units (95% of the area under the curve is within ±2 SD from the mean). A correspondence analysis or reciprocal averaging conveniently ordinates Gaussian or unimodal abundances along the axes found (see Ter Braak & Prentice, 1988 for details) . A correspondence analysis may also be used with binary data.
A problem with a standard correspondence analysis is that the second and subsequent axes may be dependent on the main axis although they are (linearly) uncorrelated, leading to the so-called horseshoe or arch effect (Greenacre, 1984; Hill & Gauch, 1980 , see also the Appendix). Hill & Gauch (1980) solved that problem by detrending the second-and higher-order axes on the main one. The resulting technique is known as detrended correspondence analysis (DCA). Correspondence analysis and later DCA have been used for 30 year in field studies in biology, and it appears that the analyses usually result in axes or gradients that are physically meaningful and easy to interpret (Økland, 1990a,b; Jongman et al., 1995) .
In this study we have reanalysed the materials found on the sentenced man and on the scene of the crime using cluster analysis and DCA. These multivariate techniques have been found useful in analysing complex data from field studies in botany and ecology (Ter Braak & Prentice, 1988; Økland, 1990a,b; Jongman et al., 1995) and have also some use in forensic science (Piekoszewski & Parczewski, 2002) . One purpose of this study has been to see if these techniques show relationships between locations on the garments of the sentenced man with those on the scene of the crime. We found no relationship between the garments of the sentenced man and the locations of the scene of the crime.
It could be argued that the techniques used are not sensitive enough to unravel possible relationships. We have therefore in further simulations manipulated the data by adding materials found on the scene of the crime to the man's shoe. If the techniques used are sensitive, manipulations should change the output and lead to an association between the shoe and the scene of the crime. While there was no clear association between the garments and the scene of the crime in the real data, manipulations of the data brought the shoe towards locations on the scene of the crime.
The murder case
According to the prosecution and the sentence, the man in question had met the murdered girl downtown in the evening of the murder, followed after her when she walked home and then tried to rape her at her home. The girl was killed by heavy blows to her head, probably in a hall or a short stair landing of 1.5 m × 1.4 m just inside the entrance door. The girl lost a lot of blood. Although the blood loss was not enough to be seriously harmful or lethal, there was much blood on her clothes, on the wall and in a corner of the floor of the landing. Both the victim and the sentenced man had blood type A, a blood type found among nearly 50% of all Norwegians.
There were faeces in underwear of the murdered girl and on the floor of the hall. After the murder the body was carried or drawn to the basement of the building. A technical report states that dirt on the girl's face and marks on one of her shoes suggest that she had been drawn along a rough and dirty surface. In the basement dry materials had been collected and laid on the top of the body in order to start a bonfire. According to the prosecution the sentenced man did not have matches. It was claimed that he had returned home (3-4 km away), fetched matches and also changed clothes before he rode back on a boy-size bicycle to the scene of the crime where he started the bonfire and left the scene unseen. On his way home, ≈700 m from the scene of the crime and before anyone knew about the murder and the fire, the man was stopped and arrested by two police officers who became suspicious when they saw a grown-up man riding a boy-size bicycle.
The sentenced man agrees that he had been downtown twice that evening. According to him he had first visited a few restaurants but later walked home with a woman of his own age. There they had played music in his room for around one hour before he brought her downtown on the bicycle in question so that she could get local transport to her home. He also agreed that he had changed clothes at home. He has always denied that he had ever met the murdered girl.
Although there is essential disagreement concerning the criminal case, both parts agree that the sentenced man had been downtown twice during the evening in question. Moreover, both parts agree on that he had used two sets of clothing. As explained in more details below, materials of possible interest were found on only some of the garments.
It should also be noted that the sentenced man shared clothing with his brother. While the sentenced man was a sportsman and a non-smoker, his brother smoked regularly. Another aspect of the evidence that has been used in the case has been published elsewhere (Høiland & Laane, 2003) .
Methods
To ease the distinction between samples from different fields or locations on the scene of the crime and sites ('locations') on the sentenced man's garment, prefixes C and S are used from now on. The police divided the scene of the crime in 13 different fields or locations, by them called f1-f13; we here call these locations Cf1-Cf13. Altogether 70 different kinds of materials (variables in multivariate sense) were found on 14 different locations (objects in multivariate sense) on the scene of the crime and on 20 different locations on the garments of the sentenced man. More specifically, the police divided the floor of the landing where the murder probably took place in four separate fields or locations (Cf1-Cf4). Each of the four steps in the stairway down to the basement make their own location (Cf5-Cf8), and the police also divided the floor in the basement in five different locations (Cf9-Cf13). Finally, samples were taken and collected from the door from the hall to the outside (Cdoor).
The police numbered the sentenced man's garments according to the order of examination, and we have used their numbering. The police first examined the leisure clothing the man wore when he was arrested (S1-S8; coat, pants, shirt, underwear, sock, shoes, and a cap). Materials of possible interest were found in his blue pants (S2) and on the left shoe (S8); we have also included one of his socks (S6) since there were tiny marks of blood on them. Different locations on the same garment are separated by adding letters (for example, S2a-S2f for the different pockets and turn-ups of the blue pants).
During the next days the police sequestered and examined a blue jacket of a suit, two shirts, a long underwear, and a pair of brown leather shoes. There are no reports of materials of interest from any of these garments. The police have further examined a blue winter coat (S14) and the brown suit with white stripes (the jacket S21 and the pants S22) worn at visits to restaurants during the first tour downtown on the evening in question. A number of materials of possible interest were found in the pockets of both the jacket and the pants and in the turn-ups of the pants. A red tie, a white shirt, a third pair of shoes, and a pair of working gloves were also examined without anything of interest being reported. Various items taken from the suspect (two boxes of matches, parts of cigarettes, fibres, a long hair, a comb, coins and bank notes, tickets) were by the police pooled as location S28 and have also been included in the analyses.
Presence (1) or absence (0) of the 70 different kinds of materials on each of the altogether 34 different locations was conveniently expressed as a data matrix. The data were first analysed by cluster analysis (binary scores, Jaccard distance measure, between groups average linkage, SPSS version 11.0.0 of 2001). An agglomerative hierarchical cluster analysis as used here starts out by assigning each object (here location on the suspect or on the scene of the crime) to a separate group. Then the two closest objects are associated ('agglomerated'). Thereafter the next two closest objects or groups of objects are associated. The process proceeds until all objects have been associated, thus leading to a hierarchy of clusters. At each step the distance (or alternatively similarity) between two (groups of) objects is calculated. When the final outcome is plotted, it results in a classification tree or dendrogram. It should be noted that even locations that may have no association are at last associated in the same group by this technique. We used the between groups average linkage as recommended by Kaufman & Rousseeuw (1990) . In short, for each location in one cluster the distance to each location in the other cluster is calculated. The mean of all the single distances taken this way is used at the between-cluster distance.
There is much more information in the presence than in the absence of a certain material at a given location, and consequently absence or presence at each location should not be given the same emphasis. We therefore used the Jaccard score as the primary distance measure in the cluster analysis according to others' recommendations (Chatfield & Collins, 1980; Gordon, 1981; Johnson & Wichern, 1982; Kaufman & Rousseeuw, 1990; Venables & Ripley, 1994 ; SPSS R , 1997, SPSS help files). This approach scores for dissimilarity between two locations when one specific kind of material is absent at one location and present at the other, it scores for similarity when the material is found at both locations, but it does not score for similarity when the material is absent at both locations. According to the recommendations in five textbooks (Chatfield & Collins, 1980; Gordon, 1981; Johnson & Wichern, 1982; Kaufman & Rousseeuw, 1990 ; SPSS R , 1997) we have also tried several other versions of cluster analysis. Changing the approach used had little influence on the outcome (not shown), suggesting that the present analysis was robust against changes of the assumptions used.
The data have further been analysed by DCA according to Hill & Gauch (1980) , an iterative method also called reciprocal or two-way weighted averaging (Hill, 1973) , using the program CANOCO (version 4.02, 1997-9, CPRO-DLO, Wageningen, The Netherlands). This version of the program uses a convergence criterion close to the strict criterion recommended by Hill & Gauch (1980) , see Ter Braak &Šmilauer (1998) for further details. We used the default option of detrending by segments. That approach divides the main axis into segments and requires that the locations found within each segment should in average have zero loading on the second and higher order axes (Ter Braak &Šmilauer, 1998) , and the algorithm includes smoothing between segments. Aspects of reciprocal averaging are discussed in more details elsewhere (Greenacre, 1984) . In short, the loading of each material along an axis is taken as the average of the loading of each location where this material has been found. Thereafter the loading of each location is taken as the average of the loading of each material found on that location. After a scaling step (to avoid that the data set collapses), the process is repeated until convergence.
After the DCA had been run on the full data set, the output was examined for outliers (locations having an extreme position and clearly separated from others) since extreme values may influence the outcome of a DCA and therefore should be excluded from the analysis (Hill & Gauch, 1980; Hill, 1974) . More specifically, a DCA is calculated by reciprocal averaging. Therefore a location with a very high or a very low loading might exert a pull on some of the variables and thereby on some other locations but not on all. Two outliers were found when the whole set of data was analysed (see Fig. 2 (a) in the results). Those locations were taken out, and the remaining data set was reanalysed. This reduced data set has also been re-examined by the cluster analysis (not shown).
Some further background on the methods used are given in the Appendix.
Results

Classification by cluster analysis
The cluster analysis divided the 34 different locations into three or four main groups (Fig. 1 ). The first one is comprised of Cf5-Cf13 (the central part of Fig. 1 ), that is of the four different steps on the stairway down to the basement (Cf5-Cf8) and the five different fields in the basement itself (Cf9-Cf13). This group has two clear subgroups, one for the four steps down to the basement and one for the five fields in the basement. man. Different locations on the same garment are to some extent associated. The location Cf3, one of the fields at the landing where the murder probably took place, is also included in this main group, and Cf3 makes a subgroup together with S2e and S2f (turn-ups on the pants the sentenced man wore when he was arrested). However, S2e and S2f are closer to each other than to Cf3. The remaining locations are with a few exceptions not closely related (those in two subgroups at the bottom of Fig. 1 ). The main thing these locations have in common is that according to this analysis they do not have much in common with other locations. It should be noted that S8 shows little association with other locations on the sentenced man. Finally, S6 constitutes its own subgroup.
As explained below, two locations (Cdoor and S14b) were classified as outliers by the DCA and therefore taken out before the reduced data set was reanalysed. These locations appeared in the group of little related objects in the cluster analysis. Removing these locations from the cluster analysis had thus little influence on the outcome (not shown). 
Ordination by detrended correspondence analysis
The main data from the DCA are summarized in Table 1 . Using the full data set the DCA gave gradient lengths (range of the locations along the axis) larger than seven and five standard deviations, respectively, for the first two axes. Since the occurrence of a specific material will appear, reach its maximum and disappear within ≈4 standard deviations (units in this respect), this means that along the main axis there are almost two complete replacements of materials, while along the second axis there is more than one complete replacement. The relatively high eigenvalues (maximum is 1.00; see Hill, 1974 Hill, , 1982 means that much of the variability in the data is related to ('explained by') the ordination axes. This analysis divides the different locations so that locations on the sentenced man largely fell to the left (low loading on the main axis) while locations on the scene of the crime largely fell to the right (high loading on the main axis; Fig. 2a) . Two locations on the sentenced man did apparently overlap with locations on the scene of the crime along the main axis. This observed overlap largely disappeared when the analysis was repeated after outliers had been excluded, and possible causes for the overlap is therefore not addressed further. Figure 2a shows that in the full data set there are two outliers that might influence the analysis. First, materials found on the door from the landing to the outside (Cdoor) drew this location to the right by three additional SD units along the main axis. Second, materials found on the coat of the sentenced man drew this garment down in the plot by around two SD units along the second axis. Since extreme locations may distort the analysis, the two outlying locations were removed from the model, and the reduced data set was reanalysed.
The DCA of the reduced data set showed that there was still a considerable loading on the first two axes as judged from the first two eigenvalues that were larger than 0.5 (Table 1 ). The gradient lengths were around four, suggesting one full replacement of materials along the main axis and almost a full replacement along the second axis. This analysis placed all but two of the locations on the scene of the crime to the right of all locations on the sentenced man (Fig. 2b) . Moreover, all but three locations on the sentenced man were to the left of all locations on the scene of the crime. Fig. 1 . We emphasize the left shoe, S8a, marked as . This location will be discussed later.
Therefore, these analyses do not give support to the idea that locations on the sentenced man and on the scene of the crime were much related. The DCA assigned a high loading on the second axis to the four steps down to the basement (filled diamonds in Fig. 2b ), thus suggesting that these locations make their own group. The five different fields in the basement are all to the far right of the plot with an intermediate loading on the second axis and thus make a close group (filled circles in Fig. 2b ). The four different fields of the landing where the murder probably took place appear to be not closely related (marked as filled squares Fig. 2b) .
Apart from three locations with a low loading on the second axis (S6, S14a, and S28), the locations on the sentenced man make one more or less continuous group. The ordination does thus not make a clear separation between the man's different garments.
Discussion
This study has re-examined data found on the scene of the murder crime and on the garments of the sentenced man using two multivariate techniques, trying to find possible associations between the two sets of locations. The main result is that these analyses largely divided the material in separate groups for the sentenced man and for the scene of the crime. This is compatible with the idea that materials found on the man do not come from the scene of the crime and vice versa. The outcome of the analyses does thus not support the court's claim that the sentenced man had been on the scene of the crime.
Distinct groups and possible causes of the apparent overlap
Most of the locations on the sentenced man were closely associated with each other but not with those on the scene of the crime. The locations in the basement were closely related, and so were the different steps on the stairway down to the basement. The basement and the stairway down to it were dirty and with lots of materials that could easily get stuck to the clothing and shoes of a visitor. Despite this there was no relation between these locations and the rest of the locations examined as judged from the analyses carried out here. For example, there was mud on the floor in the basement, but there are no reports of mud on any of the shoes of the sentenced man. These observations also lead us to question whether the sentenced man had been on the scene of the crime.
There was some overlap between locations on the man and on the scene of the crime, and possible causes for this overlap should be sought. One of the fields of the landing where the murder probably took place (Cf3, filled square with a white centre in Fig. 2b ) does partially overlap along the main axis with locations on the sentenced man. Likewise S2e, S2f, and Cf3 make their own subgroup in one of the main groups in the cluster analysis. The latter three locations have unspecified fibres from fabrics (wool, cotton, and synthetic fibres), sand, and detritus (rotten organic matter, particularly rotting wood) in common. Sand and detritus are found almost everywhere and can therefore not be given much weight for this association. We find it difficult to put much weight on unspecific fibres either. In a few cases some fibres found were examined more closely by an expert on textiles and fibres, and in each case it was then shown that the fibres found on the sentenced man differed from those found on the victim and on the scene of the crime. This expert also stated explicitly that fibres found under one of the nails of the murdered girl came from her own coat. However, in most cases the fibres found in the pocket of the suspect were not examined by this expert but instead given a superficial treatment by a professor in botany used as an expert by the police. In most cases he only classified the fibres as wool, cotton or artificial fibres with no indication of colour, length, or thickness. In the case of fibres found on location Cf3 he did not even specify whether the fibres found were of wool, cotton and/or artificial fibres. This lack of a more thorough examination makes a further independent evaluation of the fibres difficult.
S2f and Cf3 have also small pieces of concrete with grey and/or green paint in common. Likewise S2e and Cf3 had particles of spruce in common. Concrete and spruce are among the most common building materials in all industrialized societies including Norway, and green and grey paints are also quite common. The composition of the concrete and the paint was not examined. Thus, neither of these observations should be given much weight either.
As a further examination of the data we have run the cluster analysis after removing one of the types of unspecified fibres from Cf3. That single removal was enough to break Cf3's association with S2e and S2f and placed Cf3 in the third main group of locations with little relationship with other locations. This further supports the idea that the association between these three locations shown in Fig. 1 may be a coincidence.
The heel on the left shoe of the sentenced man (S8, open triangle in Fig. 2b ) was given particular interest by the police and by the court because small amounts of brown material, probably faeces, were found on the shoe. Since the murdered girl had probably defecated just before she died, leading to faeces in her underwear and on the floor of the hall, it was speculated that the faeces on the shoe came from the scene of the crime. The cluster analysis did not associate this location to others on the sentenced man, and the reason for this is that there was no material on this shoe other than that in the faeces. The DCA also gave this shoe a higher loading on the main axis than any other location on the sentenced man. Faeces and the materials in it (remnants of peas and wheat) did not increase the loading of S8 on the main axis much. Unspecific sand and detritus were also found both on the shoe and on the scene of the crime. These materials had a high loading on the main axis and thus increased the loading of S8 on this axis enough to cause some apparent association with locations on the scene of the crime. However, sand and detritus are found almost everywhere and should therefore not be used as evidence that the sentenced man had been on the scene of the crime.
It should further be noted that while the reports state that there were short hairs in the faeces on the shoe, there are no reports of hairs in the faeces found on the scene of the crime. This suggests that the two sources of possible faeces might be of different origin since hairs are usually found in faeces from animals. Short hairs were only found in the possible faeces on the shoe and nowhere else. It is a limitation of the DCA technique solved by reciprocal averaging that materials found at only one location cannot contribute to a further distinction between different locations, in this case between the shoe S8 and those on the scene of the crime.
There are some observations concerning materials found on the shoes that we find particularly noteworthy. First, the probable faeces were found on the left shoe the sentenced man used during his second visit downtown. According to the prosecutor's hypothesis, when wearing these shoes the sentenced man had then been in the basement (starting the fire) where no faeces were found but perhaps not in the hall and landing where faeces were found. Second, the police reports state that there was mud on the floor in the basement, and there were particles and pieces of spruce all over the place. In a corner there was wood wool that is well suited for starting a fire and that will easily get stuck to clothes. As pointed out above there are no reports of mud, pieces or particles of spruce on any of the shoes of the sentenced man. The reports state explicitly that there was no wood wool on any garment. We disregard the hypothetical possibility of walking on a muddy floor without getting mud, particles of spruce or other kinds of dirt on the shoes. The logic in the sentence is then that the man must have cleaned off all mud and particles of spruce but leaving sand, detritus and possible faeces on the shoe after leaving the scene of the crime but before he was arrested on the bicycle 700 m away. Moreover, there are no reports of faeces, mud, or other kinds of material or dirt on the pedals or other parts of the bicycle used. Unfortunately, the bicycle has been lost, and we can therefore not re-examine its pedals.
Another comment in line with the one above is that there was an apparent association between the turn-ups of the pants the man wore when he was arrested (S2e and S2f) and Cf3 (one of the fields at the landing where the murder probably took place). As pointed out above, if the sentence is correct, the man may not have been at this landing during the second visit to the scene of the crime, wearing these pants. There were on the other hand no association between any of the garments worn during the first visit downtown and locations on the scene of the crime. According to the sentence the man had first murdered the girl at the landing and thereafter pulled or carried her bloody body down to the basement and there searched around in the darkness to collect materials to make a bonfire. Despite this there are no reports of significant amounts of blood on his garment. These observations further support the idea that the apparent associations between S2e and S2f with Cf3 may be a coincidence. In line with this Chatfield & Collins (1980, page 216) state: 'The ability of clustering methods to detect non-existent clusters is well established'. Three further observations may be important in this respect. First, the police reports state that the garments of the sentenced man were dirty, suggesting that the clothing had not been cleaned recently. Dirt and materials found on the garments may have accumulated over time. There is thus little reason to assume that if the sentenced man had been on the scene of the crime, he may have removed materials that could associate him with the scene of the crime before being arrested. Second, the sentenced man shared clothing with his brother, and with a few exceptions it is not known who is responsible for the different materials found at the different locations of the garments examined. Finally, the brown suit with white stripes worn during the first visit downtown had been bought from a convict who had used this suit during an escape through the woods in Sweden three years earlier. During this run from the police he had spent a night in a hut made of twigs of spruce. That physical contact with woods of spruce gives an alternative explanation for needles, particles and pieces of spruce and detritus found at a number of places on this suit.
Five short needles of spruce were found in the suit that the sentenced man wore during his first visit downtown. At the scene of the crime there was an old Christmas tree of spruce with short needles. That was taken as evidence that the man had been on the scene of the crime. The multivariate analyses carried out here did not associate the locations on the suit where needles of spruce were found (S21e, S22a, S22b) with locations on the scene of the crime where needles of spruce were found (Cf9-Cf13).
Further simulations
To prove that a suspect has been on the scene of the crime it is enough to show that one specific item on the suspect must have come from the scene of the crime or vice versa. It could be argued that if most of the materials on the sentenced man did not come from the scene of the crime, a match for some locations could have been masked. To examine this possibility further we have reanalysed the data after some manipulations. First, we thought that mud, and perhaps other materials that were present in the basement where the victim was found, would have attached to the man's shoe if he had walked on that floor. Mud, which had a high loading on the main axis, was therefore scored for presence also on the shoe examined (S8). This reanalysis gave S8 a higher loading on the main axis and a lower loading on the second axis, thus moving it away from the locations on the sentenced man and towards those on the scene of the crime (Fig. 3a) . If this had been the outcome after an examination of true data, one would have concluded that this shoe did no longer belong to the same cluster as most of the locations on the man but rather showed some similarity with the scene of the crime.
There were also particles of spruce in the basement, and there was soil on the steps down to the basement. In further simulations we also scored soil and particles of spruce for being present on the shoe S8. Moreover, the unspecific fibres ('fibres of different kind', no specification of being of wool, cotton and/or artificial fabrics) that were found on Cf3 (one of the fields of the landing where the murder probably took place) were scored for absence on Cf3, and the data were thereafter reanalysed. After these manipulations with the data both the shoe (S8) and the field Cf3 appeared among the locations on the scene of the crime (Fig. 3b) . Likewise, a cluster analysis of the data after the above-mentioned manipulations brought the shoe S8 into the subgroup of steps of the stair down to the basement (not shown). Our interpretations of these simulations with the manipulated data are, first, that if the shoe S8 had been contaminated by dirt from the scene of the crime, the analyses used here would have detected that. Second, the unspecific fibres found on the field Cf3 reduced its loading on the main axis enough to place that location close to those of the sentenced man. 
Methodological questions
A main purpose of this study has been to see whether the techniques used could find possible associations between the sentenced man and the scene of the crime. It could be argued that this study does not include a control object (location), for example a garment from an innocent person. That garment should preferentially have been from 1957-58 and have been analysed by the same expert who analysed the rest of the materials and in parallel with those examinations. That is no longer possible. However, it is possible to make a rough estimate of the outcome of a hypothetical control object. It would most likely contain textile fibres, that is materials largely with a low loading on the main axis like locations on the sentenced man. If the control garment had also contained some dirt like that found on the scene of the crime, it would have increased the control garment's loading on the main axis and drawn it towards locations on the scene of the crime. It is therefore not likely that a control garment would have shown a greater distance to locations at the scene of the crime than garments from the sentenced man did.
Cluster analysis is a set of techniques used in a wide variety of fields, and the method is therefore given in most textbooks of multivariate data analysis (see for example, Chatfield & Collins, 1980; Johnson & Wichern, 1982; Kaufman & Rousseeuw, 1990; Mardia et al., 1992; Venables & Ripley, 1994) . The method has also been used in forensic science and shown to be useful in classifying fragments of glass and in profiling narcotics (Piekoszewski & Parczewski, 2002) . Ordination, and in particular principal component analysis, is another set of widely used multivariate analytical techniques that are presented in almost every textbook on multivariate data analyses. Gaussian ordination, for example by DCAs, has been shown to be very useful for field studies in biology as a means of examining complex, unspecific materials (see Økland, 1990a,b for reviews) . That approach appears superior to other ordination techniques examined in biology (Økland, 1990a; Rydgren, 1996) , and the approach is recommended if the gradient lengths are more than 3 SD units long (Ter Braak & Prentice, 1988; Hill & Gauch, 1980; Økland, 1990b) . Simulation studies of DCA have shown reliable outcomes (Ter Braak, 1985; Ter Braak & Barendregt, 1986) . The technique has to our knowledge not been used in forensic science. However, we cannot see why an examination of the scene of the crime should differ much from examinations of different habitats in ecological studies when only unspecific materials are available.
The data used for the statistical analyses in this study have been available since 1958, and one may ask why these analyses have not been carried out earlier. The basis of multivariate statistics was founded between 1920 and 1940, and the first textbook of multivariate statistical analyses was published in 1958 (Anderson, 1958) . That book did not address the topic of cluster analysis. It appears that this branch of multivariate analysis was little used before the 1960s (Cormack, 1971; Everitt, 1979; Chatfield & Collins, 1980; Kaufman & Rousseeuw, 1990; Mardia et al., 1992) . One reason may be that this technique requires quite heavy computations, and its development appears to have been delayed until computers became available. Correspondence analysis has been used for 30 years, and its detrended version was published in 1980 (Hill & Gauch, 1980) . This means that the multivariate methods used here were not available when the man in question was sentenced for the murder, but the methods have now been available for decades. Despite that, the methods may perhaps still be little known in forensic science.
Several hairs were found on the garments of the sentenced man. It was confirmed that none of these hairs came from the victim. No further effort was apparently made in examining these hairs. It is therefore not known whether the hairs came from the sentenced man, his brother with whom he shared the clothing, or a third person.
Materials of botanical origin found on the garments of the sentenced man and on the scene of the crime were not well classified. There were straws of unknown origin, awns of oat and of unknown origin, epidermis of unknown straws, and awns of unspecified grass (Poaceae). If properly classified by a qualified botanist, these materials could be used to find similarities or dissimilarities between those materials found on the man and on the scene of the crime. Since that information has not been obtained, these materials have either been classified as awns and straws from oat or from unspecified grasses. The textile fibres found on the man and on the scene of the crime could likewise have been used to either find further association or dissimilarity between the man's garments and fibres from the scene of the crime. Without that knowledge we have only been able to classify the fibres according to colour, if given, and type (wool, cotton, or artificial fibres).
Conclusions
The re-examination of materials gathered from the scene of the crime and from the sentenced man did not link the man to the scene of the crime. Simulations where materials found on the scene of the crime were scored as present on the man's shoe brought the shoe towards locations on the scene of the crime, suggesting that a DCA is sensitive to matching materials. The analyses carried out here do not support the idea that the sentenced man had been on the scene of the crime. 1 1 1 M1 is starch of wheat, M2 is fragments of straw of grass (poacea), M3 is (unspecified) textile fibres (wool, cotton or artificial fibres), M4 is (possible) faeces, M5 is fragments of straw of oats, M6 is unspecific detritus, M7 is soil, M8 is twigs of spruce, and M9 is mud. Both the locations and the materials have been ordered according to increasing scores on the main axis. A one means that the material in question was present at the location, while an empty cells means absence of that material at the location in question. The matrix reflects the diagonal dominance of the scores, but it also shows that there is some overlap of materials between different locations. The true data matrix has 32 rows and 66 columns, and the matrix in the table thus shows only a smaller part of the true data matrix. different kinds of materials found on each location). Thus, if the value or loading of each different kind of material along the scale was known, the loading of each location along the scale could be taken as the average of the loading of each material found on that location. Likewise, if the loading of each location along the scale was known, the loading of each material along the scale could be taken correspondingly. If the loadings on the axis were known, one would have coordinates (R i , C j ) for each of the N scores for presence of material j at location i in the scoring matrix (N = 265 for the analysis in this study after the two outlying locations had been taken out). In correspondence analysis the locations and the materials are given loadings or scores along the underlying axis or scale to maximize the correlation when using all N recorded matches as the input data.
After the main scale or axis of variability has been found, a second axis accounting for as much of the remaining variability as possible may be found, constrained to be linearly independent of the first one. In standard correspondence analysis the second and subsequent axes may be dependent on the main axis although they are (linearly) uncorrelated, leading to the so-called horseshoe or arch effect (Greenacre, 1984; Hill & Gauch, 1980 , see also Hill, 1974 ). This is a major problem when the data matrix shows a strong diagonal structure when properly reorganized according to increasing loadings on the main axis (Greenacre, 1984; Hill, 1974) . There may be no overlap in materials between locations near opposite ends of the scale. If so, the second axis may show the so called arch or horseshoe effect, meaning that data in the middle section along the main axis are forced to one end of the second axis while data at the two extremes of the main axis are forced to the other end of the second axis. For the present data there was some overlap for a few kinds of materials (see Table 2 ). Consequently, although present, the arch effect was not very dominant in this study (Fig. 4) . However, when compared with Fig. 2b , it is seen that for locations near each end of the main axis there is little variation along the second axis, all scoring close to 2.0 along this axis. For example, locations on the stairway down to the basement and the fields in the basement are no longer clearly separated. Near the middle of the main axis there are on the other hand no locations with a score near 2.0 on the second axis. The arch effect is much more evident in some other studies (see for example, Greenacre, 1984; Hill & Gauch, 1980; Hill, 1974) .
DCA is a built-in option in the CANOCO software we have used. DCA may not be available in other softwares, but (ordinary) correspondence analysis (that is without detrending) is available in, for example, Splus and R. According to the most recent manuals it may also be available in SPSS version 12 or newer (in the module called categories). Since the loadings on the main axis are of most importance, software other than that provided in CANOCO may also be useful although the loadings on the second axis may be biased.
